Localisation of the PsbH subunit in photosystem II: a new approach using labelling of His-tags with a Ni(2+)-NTA gold cluster and single particle analysis.
Photosystem II core dimers were isolated from the green alga Chlamydomonas reinhardtii by Ni(2+)-affinity chromatography exploiting a 6 x His tag located at the N terminus of the PsbH protein. This protein is predicted to have a single transmembrane helix. In order to identify the location of PsbH within the photosystem II complex, the His-tagged core dimers were labelled using a Ni(2+)-NTA gold cluster and subjected to electron microscopy and image analysis. This new method enabled us to identify the location of the labelled His tag by statistical analysis of electron micrographs of the gold-labelled photosystem II complex. Comparison of these data with electron and X-ray crystallographic analysis of photosystem II indicates that the N terminus of PsbH is close to the two transmembrane helices of cytochrome b(559). Our analysis suggests that this approach is a powerful method to locate specific proteins within multisubunit complexes like photosystem II when crystallographic analysis is of insufficient resolution to directly identify amino acid side-chains. Moreover, it can be combined with cross-linking studies, and here we demonstrate that PsbH is a near neighbour of PsbX, which is consistent with the latter subunit being located close to the alpha and beta-subunits of cytochrome b(559). However, cross-linking between PsbH and PsbW was not detected despite the fact that the latter cross-linked with the alpha-subunit of cytochrome b(559).